SUMMARY Twenty-two infants and children were studied after convulsions of varied cause and duration. Arterial and CSF acid-base variables, lactate and pyruvate concentrations, and lactate/ pyruvate ratios were measured between 3 and 18 hours after convulsive episodes. Biochemical signs of cerebral hypoxia were found in 7 patients with prolonged (>30 minutes) or recurrent short convulsions. These signs were absent in patients with single short convulsions. These findings indicate that cerebral hypoxia and possible brain damage is a hazard of prolonged or rapidly recurring short convulsions.
In our accompanying paper we showed that first-time febrile convulsions of short duration in children are unlikely to result in cerebral hypoxia. The questions arise whether brief (<30 minutes) single or multiple 'nonfebrile' convulsions or prolonged convulsions (>30 minutes), with or without fever, cause cerebral hypoxia with the attendant risk of structural brain damage. Pathological changes may occur in the brains of adults after several hours of status epilepticus (see review by Corsellis, 1971) , whereas in children damage has been attributed to seizures of 1-2 hours' duration (Zimmerman, 1938; Fowler, 1957) . The mechanism whereby recognized pathological changes (cerebrocortical atrophy, cerebellar atrophy, and mesial temporal sclerosis) are produced in the brains of chronic epileptics is not always certain, but there is a growing suspicion that convulsive hypoxia, especially during prolonged febrile convulsions, gives rise to permanent cerebral lesions (Falconer, 1971; Ounsted, 1971) .
The present investigation was undertaken to measure the degree of postulated cerebral hypoxia by the determination of lactate and pyruvate concentrations and lactate/pyruvate ratios in the cerebrospinal fluid (CSF) of children after convulsions of varied duration and aetiology (excluding patients with first febrile convulsions of short duration). An increase in CSF lactate and in lactate/pyruvate ratio Received 31 March 1977 indicates impairment of cerebral oxidative metabolism (Siesjb and Plum, 1971 ). Table 1 gives clinical details of the 22 patients in the series. The group comprised 6 females and 16 males (mean age 3 4 years). Patients with first-time febrile convulsions lasting <30 minutes were excluded. No other selection criteria were adopted and the 6 children with febrile convulsions 16, 17, 19) are included because of either prolonged convulsions (>30 minutes) or a previous history of similar episodes. The remaining 16 patients had convulsions of varied duration and cause.
Patients and methods
A history of an immunization procedure or contact with infectious illness in the preceding 4 weeks was noted in 4 patients 19) . Convulsions were most often clonic in type and in 8 children (Cases 1-8) lasted >30 minutes. One patient (Case 9) had recurrent short convulsions each lasting approximately 10 minutes over a period of several hours. In 3 patients (Cases 19-21) the duration of convulsions before admission to hospital could not be ascertained. The interval between convulsion and lumbar puncture was not always known precisely and was most often between 4 and 8 hours.
Viruses were isolated from throat or nasal swabs or virus infection inferred serologically by a fourfold rise in titre in paired samples in 5 of 20 patients investigated (Cases 3, 7, 14, 16, 19) . In one patient 844 (Case 11) toxoplasmosis was the final diagnosis. Abnormal electroencephalographic recordings were obtained in 8 patients investigated at least 2 weeks after convulsive episodes. Before investigation all but 4 patients (Cases 7, 15-17) had received anticonvulsants, usually diazepam 0-1-0 3 mg/kg immediately, followed by phenytoin 3-8 mg/kg per 24 hours or phenobarbitone 3-7 mg/kg per 24 hours. Reduction in intracranial pressure was achieved with 5 ml/kg 20% mannitol (Cases 1, 2) and dexamethasone 2-4 mg four times daily (Cases 2 and 5). The latter also received muscle relaxants and intermittent positive pressure ventilation with oxygen enriched air.
The procedure for obtaining CSF samples and analytical methods are described in our accompanying paper 
Results
The 22 patients in this series all survived. Their clinical status was reviewed periodically after discharge from hospital for at least one year. The progress and subsequent neurological status of these and our first febrile convulsion patients will be reported separately .
Acid-base variables. .
When corresponding variables in blood and CSF are compared (paired t test) the mean CSF pH of 7-32 is significantly lower (P<0 001) and the mean Pco2f of 45 mmHg (6H00kPa) higher (P<0 001) than the respective mean arterial pH of 7-39 and Pco2 of 34 mmHg (4 53 kPa). These are the relationships normally found in adults (Bradley and Semple, 1962) . The mean CSF bicarbonate of 22-0 mmol/l does not differ significantly from the mean bicarbonate of 20 5 mmol/l in arterial blood.
Lactate and pyruvate. . No significant differences were found on comparing CSF and blood with respect to lactate and pyruvate concentrations and lactate/pyruvate ratios (paired t test). There was no significant correlation between CSF lactate and CSF pH, Pco2, or bicarbonate.
Duration of convulsions. In the present series, 8 children (Cases 1-8) had convulsions exceeding 30 minutes and in 4 (Cases 2-5) CSF lactate concentrations and lactate/pyruvate ratios were raised. Normal values for these variables were obtained in one patient (Case 1) thought to have 'convulsed' for over 4 hours before arrival in hospital.
Six patients (Cases 9-14) had short repeated convulsions and 2 showed evidence of cerebral hypoxia by the same criteria (Cases 9 and 10). Of the remaining 8 (Cases 15-22), 5 were known definitely to have had single convulsions of short duration and none showed an increase in both CSF lactate concentration and lactate/pyruvate ratio. Table 4 summarizes our main findings, including patients in the first febrile convulsion series . When convulsions are recurrent or prolonged there is a significant increase in the proportion of patients with a raised CSF lactate concentration, lactate/pyruvate ratio, and with both, compared with single short convulsions. These findings support the view that cerebral hypoxia following convulsions is related to their duration and is most likely after prolonged or repeated convulsions, whatever the aetiology.
Discussion
Studies about systemic and cerebral metabolic changes following brief epileptic seizures are mentioned in our accompanying paper . Corresponding information about seizures sufficiently long and severe to produce brain damage is also available for baboons (Meldrum and Horton, 1973; ), but understandably not for experimental seizures in humans. There is also little information about the metabolic changes during spontaneous grand mal convulsions either in adult man (Brooks and Adams, 1975) or children (Blennow and Svenningsen, 1974) , and it seems important to determine whether the changes which occur parallel those seen experimentally.
Arterial blood findings show that mild to moderate metabolic acidosis occurs in many patients in the postictal period with minimal change in CSF acidbase status. The CSF arterial blood difference for bicarbonate is consistent with metabolic acidosis. (1975) for adult patients studied 3 and 6 hours after idiopathic seizures. The blood lactate concentration was raised in several of our patients (Table 3 ). This could result not only from hypoxaemia and increased muscle activity, but also from hyperventilation, liver dysfunction, catecholamine release, the use of anaesthetic agents, or infusion of sodium bicarbonate (Oliva, 1970) . Arterial blood lactate was not increased in the one patient with abnormal liver function (Case 2) or in those children given ketamine before lumbar puncture (Table 1) . Sodium bicarbonate infusion did not precede sampling of blood or CSF in the patients studied.
Similar findings are reported by Brooks and Adams
CSF lactate exceeded 2 a 1 mmol/l (18 -9 mg/100 ml) (the upper limit of normal for controls) in 8 patients. This increase could have resulted directly from cerebral metabolic changes during the seizure, ictal or postictal hyperventilation, or the transfer of lactate from blood to CSF. If the hypothesis is correct that an increase in both CSF lactate concentration and in lactate/pyruvate ratio indicates cerebral hypoxia (Siesjo and Plum, 1971) , this was present in only 6 of our patients. Our individual measurements (Table 3) are not strictly comparable as they were made between 3 and 18 hours after convulsions. This variation in timing was unavoidable as most convulsive episodes occurred outside hospital and a varying period had elapsed before hospital admission and subsequent lumbar puncture. However, most of our samples were taken between 4 and 8 hours after convulsions when an increased CSF lactate may persist even when blood lactate concentration has returned to normal (Posner and Plum, 1967) . Lumbar puncture was avoided in the first 3 hours after convulsion to permit time for equilibration between brain, cisternal, and lumbar CSF lactate and pyruvate. No attempt was made to repeat the lumbar punctures during the study and the optimal time for sampling remains uncertain.
The inter-relationship between hypoxaemia, hypercapnia, and ischaemia on the energy state of the brain in nonconvulsing experimental animals has been investigated by Siesjo and his colleagues (Siesjo, 1971/72; Siesjo and Plum, 1971) . Hypoxaemia per se may result in an increased lactate and lactate/pyruvate ratio in brain tissue without concomitant reduction in the energy state of the brain. However, a combination of ischaemia and hypoxaemia leads to pronounced lactate acidosis and a fall in energy potential. Even then, the combined hypoxaemic/ischaemic insult has to be great before histological changes are produced (Salford et al., 1971/72) .
Studies of prolonged epileptic seizures in primates have shown ischaemic changes after bicuculline-induced seizures lasting between 1 and 5 hours. Brain damage appeared to occur after the first half hour at a stage in the seizure when there was associated hyperpyrexia, arterial hypotension, systemic hypoxaemia, acidosis, and occasionally severe hypoglycaemia. Generalized seizures lasting up to 5 hours sometimes led to brain damage or death. Muscle paralysis and artificial ventilation protect against cortical and hippocampal damage during prolonged seizures and prevent cerebellar damage which is thought to be related to hyperpyrexia and arterial hypotension . It is unlikely that our patients suffered hypoxic insult of this degree. All were treated with anticonvulsants and every attempt was made to maintain oxygenation and correct metabolic upsets during observed seizures. Only a careful follow-up of single short and prolonged febrile convulsions will show which patients have recurrences and possible 'hypoxic' brain damage. However, our results support the view that prolonged or recurrent convulsions of whatever aetiology may cause cerebral hypoxia, which in turn might contribute to the production of local or diffuse structural changes. The 30-minute 'safe' period suggested is necessarily somewhat arbitrary, but there is increasing agreement that more prolonged convulsions (>30 minutes) are potentially harmful (Aicardi and Chev-rie, 1970; Aicardi and Baraton, 1971) . It might also be inferred from the experimental work of Wasterlain and Plum (1973) and Wasterlain (1976) 
